Twenty Five polymorphic microsatellite out of 50 Loci were used to genotype some camel (Camelus dromedarius) types and subtypes in Sudan (Naylawi, Shanapla, Lahawi, Kinani, Rashaydi, Bani-Aamir, Annafi, Bishari Shallagyai and Bishari Arririt) and that from Qatar (OmmaniHJ, OmmaniKH, Majaheem, Pakistani Sindi, Pakistani Punjabi and Pakistani) and for comparative; one type from Somalia (Aarhou) and another from Chad (Spotted) were investigated. The highest number of alleles were 23 in Locus CVRL 01 and lowest were 2 in YWLL 59. The observed heterozygosity (Hobs) were 0.950 and 0.049 for VOLP08 and YWLL09, respectively, while the expected heterozygosity (HExp) were 0.915 and 0.362 for Locus VOLP67 and YWLL58, respectively and the HExp mean was 0.7378. Polymorphic Information Content (PIC) ranged between 0.907 -0.345 in Locus VOLP67 and YWLL58 and the PIC mean was 0.7002.The genetic distance ranged between 0.545 -0.098 for Shallagyai (Bishari subtype) -Pakistani Sindi subtype and between Annafi -Rashaydi, respectively. The genetic distance between spotted and all types ranged between 0.223 with Arririt (Bishari subtype) and 0.463 with Punjabi (Pakistani subtype) that found in Qatar, while all types with Aarhou ranged between 0.215 for Arririt and 0.469 with Punjabi (Pakistani subtype). The dondrogram shows that there is a relationship between the genetic makeup and geographical distributions and also between the genetic makeup and phenotypic characteristic. Individual assignment was calculated, 46.62% correctly assigned and 46.87% quality index. Hardy Weinberg Equivalent (HWE) was also calculated.
Sudan holds the second camel's population in the world after Somalia and it is about 4.4 million (FAO, 2010) . Camels in Sudan owned by tribes that inhabit the dry semi-desert areas, and because of its limited distribution and numbers, there has been no development in identification of different breeds as in case with other types of farm animal. Camels in Sudan and elsewhere are classified based on conformational and tribal ownership as pack (heavy) and riding (light) types according to their function. A few studies had been made to classify the camels according to their performance like dairy camels, meat camels, dual purpose camels and racing camels (Khalafalla, 2000 and Wardeh, 2004) . Recent unpublished studies based on DNA profiling using RAPD or Microsatellite techniques used to genotype some Sudanese camel types. This study to identify the different Sudanese and Qatar camel types and subtypes by their DNA profiling using Microsatellite technique, to measure the genetic distance between the different camel types and subtypes comparatively with some African camel types and to study the relationship between the phenotypic characteristics and the genetic makeup according to the DNA profiling.
Qatar State holds 14,000 camels (FAO, 2010) mainly reared for racing and beauty show festivals and for proud. The camel types in Qatar State same like types that found in all Gulf countries and Saudi Arabia in addition to some types that brought from Sudan for racing purposes and from Pakistan like Sindi and Punjabi types for milk production purposes.
Material and Methods
Blood samples were collected in 4.5ml vaccutainers with EDTA from each camel types and subtypes, from almost all over the country, cross types and mutants were avoided. Regions were visited 1 -3 times according to the nomad's seasonal movement. Number of types and subtypes were nine. Sudanese types and subtypes, and two African types were included in this study for comparison, one Somali camel type (Aarhou) and one Chad camel type [Spotted camel (Abragg) 
Extraction and Evaluation of Genomic DNA from Whole Blood
Extracted genomic DNA samples were brought from Sudan and Qatar and some of the DNA samples were extracted in Animal Genetics and Breeding Unit lab, National Research Centre on Camel (NRCC), Bikaner, India.
In Sudan DNA samples were evaluated using agarose gel electrophoresis (the Commission of Genetic Engineering and Biotechnology, Virology lab (Department of Microbiology, Faculty of Veterinary Medicine, University of Khartoum) and Molecular Biology Unit (Department of Microbiology, Central Laboratory (Suba), Ministry of Science and Technology) and UV -Spectrophotometer was used to measure the concentration and purity (Virology lab, Department of Microbiology, Faculty of Veterinary Medicine, University of Khartoum). In Qatar agarose gel electrophoresis was used after the extraction. In Animal Genetics and Breeding Unit (AG&B), NRCC, Bikaner, India after extraction some of Qatar samples, evaluated for all samples using both methods that mentioned above.
Microsatellite Technique Application
Fifty microsatellite loci were chosen for this study from previous research papers that had been applied for the old and new world camels for genotyping. Parentage testing or individual assignments tests such as Obreque et al (1998) , Mishra et al (1998) , Mburu et al, (2003) , Evdotchenko et al (2003) , Nolte et al (2005) , , Vijh et al (2007) and . Forty five were screened with 11-12 samples from the most distinct camel types, six were selected from all populations to identify the polymorphic markers, 5 primers (CMS 121, CMS 13, CMS 15, CMS16 and CMS50) were known as polymorphic in dromedary camels.
PCR amplifications were carried out in 25 µl reactions containing 50 ng DNA, 25 pmol each primer, 1.5 U Taq DNA polymerase, 0.2 mM each dNTP, 2.5 µl lOX Taq DNA polymerase buffer containing 10mM Tris-HCI (pH 9.0), 1.5 mM MgCl 2 . The PCR amplification program consisted of an initial denaturation temperature of 95°C for 5 min, then 29 -39 cycles (depending on Locus) at 94°C for 45s, 50-62°C for 1min-depending on the primer pair used and 72°C for 1min, final extension was carried out at 72°C for 15 min. The microsatellite bands were observed in 1% agarose gel electrophoresis stained with ethidium bromide to estimate the band size and then resolved by 6% urea polyacrylamide gel electrophoresis, stained with silver nitrate (Bassam et al, 1991) .
Twenty nine out of 45 markers were polymorphic of which 25 polymorphic microsatellite markers chosen for this study fluorescently labelled with either FAM, NED, HEX or VIC dyes (Table 1) .
Multiplex Markers:
Gp1: YWLL08, YWLL38, LCA18 and CVRL04. Gp2: VOLP08, YWLL58, LCA66, CVRL01 and CVRL05. Gp3: VOLP03, CVRL03. Gp4: YWLL59, LCA90, YWLL09, CMS121, VOLP67 and CMS13. Gp5: CMS15, CVRL07, LCA33, VOLP10 and CMS50. Gp6: LCA22 and LCA63. Gp7: CMS16.
PCR Components and Programme for Multiplex:
DNA template (50ng), PCR Buffer 1X, dNTPs (2.5 mM each), Primers (F & R) 5pmol, Taq 1U (AmpliTaq Gold Kit), MgCl2 2.0mM and the total volume completed with DD H2O to 15µl. PCR programme performed as initial denaturing at 95°C for 5min, then 35 cycles at 94°C for 45 sec, 55°C for 45sec (depending on Annealing temperature for each primer), 72°C for 1min, final extension at 72°C for 10min and then finally holding at 4°C.
Data Analysis and Calculations:
Microsoft office Excel 2010 used for arranging and sorting out the data to make up the input file for Gene Class 2.0.h (2005) and Genepop 4.0.11 software (2010), then the Genepop 4.0 input file converted to Cervus 3.0.3 (Tristan Marshall 1998 input file. Gene Class software was used to calculate the genetic distance between populations (Nei, 1972) , individual assignment using Frequencies -based method (Paetkau et al,1995) and Bayesian methods (Rannala and Mountain, 1997; Baudouin and Lebrun 2001) . Gene Class also was used to calculate the allele frequency and then the allele frequency results were used in input file for PHLIP 3.69 software using the UPGMA method of clustering by DRAWGRAM program to obtain the phylogenetic tree (Dondrogram) and then used the neighbour result (0uttree rename it as intree) of PHYLIP package was used in Geneious 6.0.3 software to show the tip labels, node labels, branch labels and scale bar in the Dondrogram.
Results and Discussion
The number of alleles that were obtained from 25 polymorphic microsatellite loci ranged between 23 in locus CVRL 01 and 2 alleles in YWLL 59, in all populations the mean number of alleles per locus is 10.00, the Mean Number Alleles (M/NA) for all loci within the population were 3.640 and 7.320 in Pakistani Punjabi and Majaheem, respectively with standard deviation (SD) of ±1.215 and ±2.968 in Aarhou and Lahawi, respectively ( Table 2 ). The Observed Heterozygosity (Hobs) were 0.950 and 0.049 for VOLP08 and CVRL07, respectively, while the Expected Heterozygosity (HExp) were 0.915 and 0.362 for Locus VOLP67 and YWLL58, respectively. The HExp mean 0.7378, the Mean Heterozygosity Proportion (M/HP) for all locus were 0.516 and 0.689 in OmmaniKH and Kinani, respectively with Standard Deviation (SD) of ±0.248 and ±0.369 for Majaheem and Shanapla, respectively (Table 4 ). The microsatellite statistics was obtained by using GeneClass2 software. Polymorphic Information Content (PIC) ranged between 0.907 -0.345 in Locus VOLP67 and YWLL58 and the PIC mean was 0.7002. Hardy-Weinberg Equivalent (HW), multi locus estimates for diploid data, Allele frequency-based correlation (Fis, Fst, and Fit), and one locus estimates following standard ANOVA as in weir and Cockerham (1984) , using Genepop v4.0.11 software, (Table 2) were calculated. For all camel types and subtypes, the assignment of individuals and detection of first generation migrants was done utilising the Gene Class 2 software. Using Rannala and Mountain (1997) algorithm 54.62% individuals correctly assigned and the quality index was 56.6%. While camel populations that found in Qatar individuals were 61.1% correctly assigned and the quality index was 60.08%. For Sudanese populations compared with one Somalian and the one Chad population was 41.7% correctly assigned with 42.26% quality index.
The 10 microsatellite loci VOLP03, VOLP10, VOLP67, LCA66, CMS16, CMS50, YWLL08, YWLL38, CVRL01 and CVRL07 out of the 17 loci that was used by for parentage testing of racing camels, shared with the 25 polymorphic loci, while the rest of the 17 loci were showed a monomorphic results with our populations, which could mean the 25 markers can be used also for parentage testing as well as individual assignment verification.
This study depended on location and phenotypic characteristics that classified types and subtypes with known names that related to location, tribal ownership or a distinguished characteristic, same like the studies that were done by Vijh et al (2007) and Mishra et al (1998) for Indian camel populations, and by Mburu et al (2003) for Kenyan dromedary breeds. Sudan holds very rich genetic variations between camel types and even between subtypes but with small differences. Spencer and Woolnough (2010) depends in his study on the locations for different camel populations and in our study we depended on phenotypic characteristics. All those who insert camel populations from Sudan in there researches they didn`t mentioned from which type.
The Genetic Distance calculated according to Nei (1972) , by using Gene Class software (INRA/ CIRAD --GeneClass2.0.h --2 -Aug -2005), (Table 3) between 17 populations of camel types and subtypes included [9 type and subtypes from Sudan, 1 from Somalia (Aarhou), 1 from Chad (Spotted) and 6 types and subtypes from Qatar], the Genetic Distance was found 0.545 and 0.098, between Shallagyai (Bishari) and Pakistani (Sindi) type and between Annafi and Rashayda, respectively. The Genetic Distance between Spotted and all types ranged between 0.223 for Arririt (Bishari subtype) and 0.463 with Punjabi (Pakistani subtype) that found in Qatar, while all type with Aarhou ranged between 0.215 with Arririt and 0.469 with Punjabi (Pakistani subtype); (Table 3) . The Mean Nei's genic diversity (M/GD) for all loci within the population were 0.619 and 0.745 in Rashayda and OmmaniKH, respectively, with Standard Deviation (SD) was ±0.118 and ±0.253 for OmmaniKH and Rashayda, respectively (Table 4) . Phylip 3.6 was utilised to obtain the phylogenetic tree (Dondrogram) that was constructed from all the three measures of the genetic distance (Nei's distance (Ds), Cavalli-Sforza Chord distance (Dc) and Reynold's) using the UPGMA method of clustering by DRAWGRAM program of PHYLIP package. Geneious 6.0.3 software used combined with Phylip3.6 software to show the node, branch labels and the scale bar. The dondrogram demonstrated that there`s a relation between the geographical distribution or phenotypic characteristics and the genetic makeup depending on this 25 microsatellite markers. Rashayda and Annafi type were found more closely, although they are different in their phenotypes, both found in one cluster with Lahawi, Kinani and Bani-Aamir camel types, all of them found in the Great Butana Area (GBA) and Kassala State. In other cluster we found Shanapla (Kurdofan State) and Naylawi (Darfur State) in one cluster same like their state that accommodate them. According to the tree (Fig 1) Shanapla was found more closely to GBA and Kassala State types than Naylawi type. The Spotted (from Chad), OmmaniHJ (from Qatar/ Hamad Bin Jassim Bin Faisal`s farm), Arririt (Bishari subtype/ Kassala and Red Sea State), and OmmaniKH (Qatar/ Sheikh: Hamad Bin Khaleifa`s Farm) were found in a cluster but the first three types were more closer and share many of their phenotypic characteristics (Brown in colour and light bodyweight), this could demonstrate the relationship between the genetic characteristics, geographical distribution and the genetic profiling. Shallagyai (Bishari Subtype) was found between both previous clusters with the Shanapla, Naylawi, Lahawi, Bani-Aamir, Kinani, Annafi and Rashaydi cluster. While Majaheem, Pakistani, Pakistani Punjabi and Pakistani Sindhi were found together in one cluster, it was so clear in this cluster that the Majaheem and Pakistani type were more closer. While Somalian (Aarhou) type was found between this cluster and the previous one, and it`s in one cluster with Sudanese types and subtypes, Spotted (Chad) type and Ommani type (Figs 1a and b) .
In our study the loci VOLP03, VOLP08, VOLP10 and VOLP67 the number of alleles were 10, 10, 11 and 19, the PIC were 0.791, 0.766, 0.799 and 0.907, respectively when the same loci compared with that done by Obreque et al (1998) on Alpaca the number of alleles were 8, 3, 3 and 5, the PIC were 0.740, 0.214, 0.521 and 584, respectively, here this four loci were more effective and more polymorphic in our dromedary populations. While same markers in Jainlin et al (2000) they applied the new world camelidae microsatellite markers in old world camelids, for Kenyan dromedary camels the number of alleles were 5, 3, 7 and 18, respectively while the observed and expected H were 0.820, 0.710 for VOLP03, 0.290, 0.320 for VOLP08, 0.790, 0.750 for VOLP10 and 0.670, 0.910 for VOLP67. When compared with bactrians the number of alleles were 15, 11, 11 and 11 respectively, while the observed and expected H were 0.810 -870, 0.900 -810, 0.560 -0.790 and 0.900 -0.810, respectively.
The three loci LCA18, LCA22 and LCA33 in our study, the number of allele were 7, 4 and 12, respectively; while in South American camelids (L. Pacos and L. Guanicoe) the done by Penedo et al (1998) , the number of alleles were 9, 4 and 5 respectively. The loci LCA63 and LCA66 in our study the number of alleles were 15 and 9 and the Heterozygosity were 0.750, 0.620 and 0.230, respectively when comparing with South American camelids (L. Pacos and L. Guanicoe) the done by Penedo et al (1999a,b ) the number of alleles were 14 and 24, Heterozygosity were 0.780 and 0.830, respectively.
The LCA66 marker that shared with Jainlin et al (2000) , the marker produced 3 alleles and the observed H 0.590 and the expected H were 0.660 in Dromedary camels, while in bactrians produced 8 alleles with size range 212 -242 and Observed H 0.580 and the expected H were 0.590, when compared with our study as mentioned before the number of alleles almost same like the produced in bactrians camel but in ours the observed and expected H were 0.788 and 0.778, respectively. Nei (1972) The markers CMS13, CMS15, CMS16, CMS50 and CMS121in our study, the number of alleles, observes/ expected H and the PIC (Table 2 ) when compared with that applied for four camel species (Dromedary, bactrian, Lama and Alpaca) by Evdotchenko et al (2003) , the number of alleles for dromedary were 6, 6, 7, 8 and 7, for bactrian 6, 9, 3, 5 and 5, 5, 4, 0 (not amplified), Spencer and Woolnough (2010) used 28 microsatellite loci for Australian camel populations, 11 of them s h a r e d w i t h t h i s s t u d y (CMS16, CMS50, CVRL01, CVRL07, LCA63, LCA66, VOLP03, VOLP10, VOLP67, W L L 0 8 , Y W L L 3 8 ) , t h e Australian camels showed very weak levels of genetic diversity, he assumed this to the small historical founder size, but the same 25 markers showed enough genetic diversity in our study and also with Mishra et al (1998) , Evdotchenko et al (2003) , Mburu et al (2003) , Nolte et al (2005) , , , Vijh et al (2007) and Ursula et al (2010) .
Conclusion
It is concluded from this study that the microsatellite technique used in this study was quite efficient in the genotypic identification of came types and subtypes, individual assignment tests and for parentage verification. 
